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an RF load having a non-consta 



1 



1 . (AMENDED) Fu2|zy logic method of tuning an a radio frequency 
(RF) matching network of the type having an input at which is applied RF power at a 
given frequency and at a given imp* dance, and an output which applies said power to 

impedance, said matching network including a 
phase-magnitude error detector means providing a phase error signal and a magnitude 
error signal related respectively tD impedance phase angle error and impedance 
magnitude error, and said matching network comprising at least a first variable 
impedance having a driven element for varying the impedance thereof and a second 
variable impedance having a drivon element for varying the impedance thereof; the 



method comprising: 

supplying said phase 
controller, wherein each said error 

applying each said 



and said magnitude error signals to a fuzzy logic 
signal has a magnitude and direction, 
Dhase and magnitude error signal to a fuzzy logic 
inference function based on a number of overlapping fuzzy sets, and where a value of 
each said phase and magnitude prror signal enjoys membership in one or more fuzzy 
sets; 

applying fuzzy \0g\2 rules to said phase and magnitude error signals 
according to said one or more fuzzy sets for which said phase and magnitude error 
signals enjoy membership; 

obtaining drive sigjial values based on said fuzzy logic rules for each of 
said phase and magnitude error signals; 
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weighting said drive sidnal values according to the respective one or more 
fuzzy sets inference for which jiaid phase and magnitude error signals enjoy 
membership; and 

combining said weigh ed drive signal values to produce an output drive 
signal for said first variable impedance device driven element. 



2. (AMENDED) Fuzzy logic method of tuning an RF matching network 
according to claim 1 , further comprij ing 

obtaining additional drive signal values based on additional fuzzy logic 
rules for each of said first and second error signals; 

weighting said additional drive signal values according to additional 

>; and 

combining said weighted additional drive signal values to produce an 
output drive signal for said second variable impedance device driven element. 



3. (AMENDED) Rjzzy logic method of tuning an RF matching network 
according to claim 2, wherein said 



respective fuzzy inference functions 



comprise a matrix of NxM drive si 
said phase error signal and M is 
signal, and each of said drive si 
corresponds to a given set of said 
error signal. 



fuzzy logic rules and said additional fuzzy logic rules 
3nal values, where N is the number of fuzzy sets of 
the number of fuzzy sets of said magnitude error 
gnal values and said additional drive signal values 
phase error signal and a given set of said magnitude 
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4. (AMENDED) Fuzzy logp method of tuning an RF matching network 
according to claim 1 , said number of overlapping fuzzy sets being centered respectively 
about zero, a medium positive value, a medium negative value, a high positive value, 
and a high negative value. 

5. (AMENDED) A fuzzyl logic controller for tuning an RF matching 
network, wherein said matching network is positioned between a source of applied RF 
power at a given frequency and at a givjsn impedance, and an RF load having a non- 
constant impedance, said matching network including a phase-magnitude error detector 
means providing a phase error signal amd a magnitude error signal related respectively 
to impedance phase angle error and impedance magnitude error, and said matching 
network comprising at least a first variable impedance device having a driven element 
for varying the impedance thereof and a second variable impedance device having a 
driven element for varying the impedance thereof; the fuzzy logic controller comprising 

input means receiving values of said phase and magnitude error signals; 

means for applying the Values of said phase and magnitude error signals 
to a fuzzy logic inference function based on a number of overlapping fuzzy sets, and 
where a value of each said phase £nd magnitude error signal enjoys membership in 
one or more fuzzy sets; 

means for applying fi/zzy logic rules to said phase and magnitude error 
signals according to fuzzy sets for which said error signals enjoy membership; 

means for obtaining arive signal values according to said fuzzy logic rules 
for each of said fuzzy sets for whiqn said error signals enjoy membership; 
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means for weighting said Jrive signal values according to the respective 
fuzzy inference functions for the values of said phase and magnitude error signals; and 
means for combining said weighted drive signal values to produce an 

mpedance device driven element. 



output drive signal for said first variable 



6. (AMENDED) Fuzzy 



comprising 



logic controller according to claim 5, further 



means for obtaining adcitional drive signal values based on additional 



fuzzy logic rules for each of said phase 



and magnitude error signals; 
means for weighting said additional drive signal values according to 
additional respective fuzzy inference functions; and 

means for combining weighted said additional drive signal values to 
produce an output drive signal for Laid second variable impedance device driven 
element. 

7. (AMENDED) Fuzzy logic method of tuning a tunable RF device of 
the type having an input at which is applied RF power at a given frequency and at a 
given impedance, and an output, including an error detector means providing a first 
error signal and a second error sign il, and said tunable RF device including at least a 
first variable impedance having a dri /en element for varying the impedance thereof and 
a second variable impedance havjng a driven element for varying the impedance 
thereof; the method comprising: 
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supplying said first and 



said second error signals to a fuzzy logic 
controller, wherein each of said first and said second error signal has a magnitude and 
direction, 

applying each of said firsf and said second error signal to a fuzzy logic 
inference function based on a number of overlapping fuzzy sets, and generating a 
membership value that corresponds to an amount of overlapping membership of the 
error signal value in one or more fuzzy |ets; 

applying a plurality of fizzy logic rules to said first and second error 
signals according to the fuzzy sets for which said first and second error signals enjoy 
membership; 

obtaining a plurality of drive signal values based on said plurality of fuzzy 
logic rules for each of said first and second error signals; 

weighting said drive signal values according to the respective membership 
values for said first and second error signals; and 

combining said weightec drive signal values to produce an output drive 
signal for said first variable impedarjce having said first variable impedance device 
driven element. 



Fuziy logic method of tuning a tunable RF device 



8. (AMENDED) 
according to claim 7, further comprising 

obtaining a plurality of 
fuzzy logic rules for each of said first 



additional drive signal values based on additional 
md second error signals; 
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weighting said additional dr 
additional respective fuzzy inference funct 
combining such weighted a< 



ve signal values according to a plurality of 
ons; and 

dditional drive signal values to produce an 



output drive signal for said second variable impedance device driven element. 

9. (AMENDED) An electrical network comprising: 
a radio frequency (RF) generator for generating an RF signal, the RF 
generator having a source impedance; 

a load receiving the RF sicmal, the RF signal providing a driving energy to 

impedance; 

a matching network interposed between the RF generator and the load, 
the matching network having a varia)le network impedance, the matching network 
detecting at least one of an impedance phase and an impedance magnitude error and 



the load, the load having a variable load 



generating at least one of a respective 
the matching network varying at least 
magnitude error in order to vary the n 



phase error signal and a magnitude error signal, 
one of the impedance phase and the impedance 
twork impedance; 

a fuzzy inference moduli receiving the at least one of the restrictive phase 
and magnitude error signals and defiriing a membership value that varies in accordance 
with membership in at least one fuzzy set; and 



a controller receiving t 
magnitude error signal, the controlle 



ie at least one respective phase error signal and 
applying the fuzzy logic rules to the at least one of 
the respective impedance phase errfor signal and the impedance magnitude error signal 
according to the fuzzy sets for whic h said restrictive error signals enjoy membership in 
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order to generate at least one control signal to vary the network impedance, matching 
the source impedance and the loa i impedance. 




1 1 . (AMENDED) The network of claim 9 wherein the controller further 
comprises a rules module having a set/ of rules applied in accordance with the 
membership value, the rules module generating at least one fuzzy output. 

12. (AMENDED) The network of claim 10 wherein the controller further 
comprises a defuzzification module, the itefuzzification module converting the at least 
one fuzzy output to the at least one control signal. 




1 6. (AMENDED) An f lectrical network comprising: 
a radio frequency (RFJ generator for generating an RF signal, the RF 
generator having a source impedancfe, 

a load receiving the RF signal, the RF signal providing a driving energy to 
the load, the load having a variable load impedance; 

a matching network/interposed between the RF generator and the load, 
the matching network having a/ variable network impedance, the matching network 
detecting at least one network parameter and generating at least one sensed signal, the 
matching network varying the network impedance in order to match the variable load 
impedance and the source impedance, wherein the at least one sensed signal 
comprises at least one of jan impedance phase error signal and an impedance 
magnitude error signal; 
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a fuzzy inference module receiving the at least one sensed signal and 
defining a membership value that varies/ in accordance with membership in at least one 
fuzzy set; and 

a controller receiving trie at least one sensed signal, the controller 
applying fuzzy logic rules to the at ledst one sensed signal according to the fuzzy sets 
for which said first and second error signals enjoy membership in order to generate at 
least one control signal to vary the network impedance, matching the source impedance 
and the load impedance. 



1 8. (AMENDED) Thfe network of claim 1 6 wherein the controller further 
comprises a rules module having/ a set of rules applied in accordance with the 
membership value, the rules moduli generating at least one fuzzy output. 

19. (AMENDED) Fhe network of claim 16 wherein the controller further 
comprises a defuzzification module, the defuzzification module converting the at least 
one fuzzy output to the at least one control signal. 





23. (AMENDED) The r/etwork of claim 16 wherein the load is a RF 
plasma chamber. 

24. (AMENDED) A nfiethod of tuning a radio frequency (RF) impedance 
matching network having an inputf which receives RF power and an output which 
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applies the power to a RF load, the rjiatching network having a variable impedance, 
comprising the steps of: 

determining an impedance phase error and an impedance magnitude 
error and generating a corresponding phase error signal and a corresponding 
magnitude error signal; 

applying the phase imped ance and magnitude impedance error signals to 
a fuzzy logic inference function, the phase and magnitude error signals each having at 
least one respective membership value n at least one fuzzy set; and 

applying fuzzy logic rules to the impedance phase and impedance 
magnitude error signals according to tr e fuzzy sets for which said error signals enjoy 

i jnals based upon the phase and the magnitude 
signal to adjust the variable impedance of the 



membership to generate fuzzy output si 
error signals and generating a control 
matching network. 




26. (AMENDED) Tfie method of claim 24 wherein the step of applying 
fuzzy logic further comprises applying logic rules to the at least one respective 
membership value to generate at l|ast one respective fuzzy output value. 

27. (AMENDED) fThe method of claim 24 wherein the step of applying 
logic rules further comprises th£ step of weighting the at least one respective fuzzy 
output value according to the at [east one respective membership value. 
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28. (AMENDED) The me 
logic rules further comprises the step of 
fuzzy output values to produce the control 



hod of claim 27 wherein the step of applying 
combining said weighted at least one respective 
signal. 



comprise a matrix of NxM fuzzy output va 
first sensed signal and M is the number 



29. (AMENDED) The mothod of claim 24, wherein the logic rules 



ues, where N is the number of fuzzy sets of a 
of fuzzy sets of a second sensed signal, and 
each fuzzy output value corresponds to a predetermined set of the first sensed signal 
and a predetermined set of the second sensed signal. 



30. (AMENDED) The 
set comprises a plurality of fuzzy sets 
positive value, a medium negative valu^ 
value. 



mejthod of claim 24 wherein the at least one fuzzy 
centered respectively about zero, a medium 
, a high positive value, and a high negative 



31 . (AMENDED) A metr od of tuning a radio frequency (RF) impedance 
matching network having an input whch receives RF power and an output which 
applies the power to a RF load, the matching network having a variable impedance, 
comprising the steps of : 

determining a network parameter and generating a corresponding sensed 
signal that varies in accordance with the network parameter; 
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applying the corresponding* sensed signal to a fuzzy logic inference 
function, the corresponding sensed signs I having at least one respective membership 
value in at least one fuzzy set; and 

applying fuzzy logic rules tojthe corresponding sensed signal according to 
fuzzy sets for which said error signal enjoys membership; 

generating fuzzy output signals based upon the corresponding sensed 

signal; and 

generating a control signal to adjust the variable impedance of the 
matching network based upon the fuzzy cutput signals. 




33. (AMENDED) The method jbf claim 31 wherein the step of applying 
fuzzy logic further comprises applying logic rules to the at least one respective 
membership value to generate at least one respective fuzzy output value. 

34. (AMENDED) The method of claim 31 wherein the step of applying 
logic rules further comprises the step of /weighting the at least one respective fuzzy 
output value according to the at least one /respective membership value. 



35. (AMENDED) The method of claim 34 wherein the step of applying 
logic rules further comprises the step of combining said weighted at least one respective 
fuzzy output values to produce the control signal. 
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V 



36. (AMENDED) The nffethod of claim 31 , wherein the logic rules 



comprise a matrix of NxM fuzzy output 
the corresponding sensed signal and IV 



'values, where N is the number of fuzzy sets of 
is the number of fuzzy sets of a second sensed 
signal, and each fuzzy output value corresponds to a predetermined set of the sensed 
signal and a predetermined set of the second sensed signal. 

37. (AMENDED) The) method of claim 31 wherein the at least one 
fuzzy set comprises a plurality of fuzzy sets centered respectively about zero, a medium 
positive value, a medium negative ialue, a high positive value, and a high negative 
value. * I 




Please cancel Claims 10, 17, 25, 32, and 
disclaimer of the subject matter contained therein. 



IJwi 



ithout prejudice or 
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